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ABSTRACT : High-resolution free air gravity data derived from the geodetic mission of ERS 1 and GEOSAT is used for
studying the isostatic compensation of sub - marine features. The local (Airy) and regional (flexure) model of isostasy are tested
at 4 locations covering a range of different geological features i.e. the 90 °E and the eastern continental margin of India. The 90
°E ridges and the eastern continental margin of India follow the flexure model of isostatic compensation. In case of 90 °E the low
T

e
 values between 5 and 7 km suggests on ridge axis formation of the ridge. The different values of southern and northern eastern

continental margin of India suggest transform and rift margins, respectively.

INTRODUCTION

There are two models of isostatic compensation,
which are in common use: the local model (Airy or Pratt) and
the regional model (flexure). The local models compensate
point wise e.g. elevated regions by crustal thickening below
topographic highs (Airy) or lateral changes in density of the
crust (Pratt). In the flexure model the loads are compensated
regionally. The flexure model is in general accord with
geological observation. It predicts the response of the crust
and mantle to loading and unloading, how much the crust and
mantle bend, and what conditions might eventually lead it to
break. In the flexure model, the effective elastic thickness (T

e
)

is defined as that thickness of a plate that behaves in an elastic
manner. It is a measure of the stiffness of the lithosphere
undergoing deformation. The T

e
 provides information on the

long-term mechanical properties of the lithosphere and their
relationship to plate and load age. In oceanic regions, the T

e

is approximately equal to the depth of the 300-600 °C ocean
isotherm, whereas on land such a simple relation does not
exist (Watts, 2001). In oceanic regions, the T

e
 is less than the

thickness of the seismogenic layer because the time scale of
accumulation and release of seismic energy is less than that
of mechanically supporting uncompensated topography. The
T

e
 of the lithospheric plate can be calculated by forward and

inverse (spectral) methods. The spectral methods of analysing
the gravity and topography data to constrain the state of the
isostasy are well established (Dorman and Lewis, 1970;
Forsyth, 1985; Watts, 2001).  The spectral method utilises the
fact that the relation between gravity and topography changes
as a function of wavelength.  Here the admittance method is
applied for calculating T

e
.

To study isostasy of the area, four blocks offshore
India are selected (Figure 1).  These are representing following
areas:

(i) Blocks 1 & 2 – 90°E ridge;

(ii) Blocks 3 & 4 - eastern continental margin of India;

THE 90°°°°°E RIDGE

The 90°E ridge is a major aseismic ridge extending
from latitude 31°S to 17 °N (Mukhopadhyay and Krishna,
1995). The ridge was created in Late Cretaceous and Early
Tertiary times by the Kerguelen hotspot. Various models are
suggested for the formation of the ridge but most commonly
accepted is the hot spot model.  The study of the isostatic
compensation of the feature shed light on the evolution of the
structure.  The Airy and flexure model of isostatic
compensation are tried for the ridge.  The admittance between

Figure 1: Location map of study area in the Indian Ocean offshore
India; block 1 to 4 are used to study isostasy of the area.
Block 1 & 2 cover 90 °E ridge, block 3 & 4 are over the
northern and southern eastern continental margin of India.
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the free air gravity and topography are calculated. The model
parameters for calculating the admittance for Airy and flexure
model are shown in Table 1. The plots of admittance versus
wavenumber for the Airy and flexure models with observed
admittance are shown in Figure 2 (a, b, c and d).  Fitted crustal
thickness for Airy model and effective elastic thickness (T

e
)

for the flexure model are shown in Figure 2.  From Figure
2(a, b), it is clear that flexure model with T

e
 values of 7 – 9

km is most suitable for block1 than the Airy model of isostatic
compensation, whereas in case of block 2 (Figure 2(b, c))
flexure model with T

e
 value of 5 km and Airy model with

crustal thickness variation between 15 to 20 km.  The crustal
thickness of 22 km is reported below the ridge (Krishna et al.,
2001). The T

e
 values also help in understanding the tectonics

of the area. The low T
e
 values corresponds to the feature

originated on ridge i.e. deposited at the younger lithosphere
(Watts, 2001). Krishna et al. (1999) proposed a tectonic model
of on –ridge axis hot spot volcanism from radiometric and
geochemical data of the DSDP and ODP sites. Detrick and
Watts (1979) suggested an Airy model with crustal thickness
variation between 15 and 25 km whereas Grevemeyer and

Flueh (2000) support the idea of the flexure model with low
T

e
 value.

EASTERN CONTINENTAL MARGIN

The eastern continental margin of India was formed
by the break up of India from East Antarctica in the Early
Cretaceous (Powell et al., 1988). Blocks 3 and 4 cover the
eastern continental margin of India with block 3 to the
southwest of block 4 (Figure 1). The plots of admittance versus

Table 1: The model parameters used for calculating the theoretical
admittance. The water, lower crust and upper mantle
densities are used as 1030, 2900 and 3400 kg/m3 for all
blocks.

Block Water Density of Thickness of Crustal f
depth upper crust upper crust thickness
(km)  (kg/m3) (km)  (km)

1 4 2500 2 12 0.2
2 3.5 2500 2 12 0.2
3 3.2 2400 8 13 1.0
4 2.5 2400 8 13 1.0

Figure 2: Observed admittance with standard error bars over 90°E ridge (a and b for block 1; and c and d for block 2), together with
calculated curves for (a) & (c) Airy model, (b) & (d) flexure model with surface loading.
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Figure 3: Observed admittance with standard error bars over eastern continental margin of India (a and b for block 3; and c and d for block
4), together with calculated curves for (a) & (c) Airy model, (b) & (d) flexure model with surface loading.

wavenumber are shown in Figure 3 (a,b,c,d). The admittance
analysis of the southern margin (block 3) shows T

e
 to be 4 km

with ratio of subsurface to surface equal to 1, whereas for
block 4 the T

e
 values found to be 10 km. The different values

of T
e
 may be representing the different nature of northern and

eastern continental margins of India.  The higher value of T
e

for northern continental margin may be due to the rift type
nature of the margin, whereas low T

e
 may be due to transform

type southern margin of India. The co-spectral studies are
carried out for continental margins (Karner and Watts, 1982;
Verhoef and Jackson, 1991). The T

e
 studies show that rifted

margins have higher T
e
 than the transform margins (Verhoef

and Jackson, 1991). The T
e
 value for the Scotian margin, which

is a rift margin, was found to be 10 to 20 km by Karner and
Watts (1982), whereas the Grand Banks (transform) margin
is found to be locally compensated by Verhoef and Jackson
(1991). These T

e
 values suggest an equivalence of the northern

and southern continental margins with the Scotian and Grand
Banks margins, respectively. Subrahmanayam et al. (1999)

have shown a different nature for the northern and southern
eastern continental margin of India from gravity, bathymetry
and seismic data.
CONCLUSION

The offshore free air gravity data are interpreted in
terms of the isostasy of the area. The 90 °E, eastern and western
continent margin of India follow the flexure model of isosatatic
compensation. The T

e
 values of 5 to 7 km suggest on ridge

axis formation of 90 °E ridge. In case of eastern continental
margin of India the different values of T

e
 for southern and

northern margin suggest transform and rift type margins,
respectively.
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